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Abstract

Hodgkin lymphoma post-transplant lymphoproliferative disorder (HL-PTLD) is an uncommon 

PTLD with unclear prognosis and differences between HL-PTLD and immunocompetent HL are 

not well defined. Patient characteristics were compared among 192 patients with HL-PTLD from 

the Scientific Registry of Transplant Recipients and 13,847 HL patients in SEER (HL-SEER). 

Overall survival (OS) and disease-specific survival (DSS) were compared after exact matching. 

Additionally, multivariable analyses were used to identify prognostic markers of survival and 

associations between treatment and survival. Median time from transplant to HL-PTLD diagnosis 

was 88 months. When compared with HL-SEER, patients with HL-PTLD were older (median age, 

52 vs. 36 years, P=0.001), more likely male (73% vs. 54%, P < 0.001), Caucasian (81% vs. 70%, 

P=0.02), and had extranodal disease (42% vs. 3%, P < 0.001). Five-year OS for patients with HL-

PTLD was 57% versus 80% for HL-SEER (P < 0.001); DSS was also inferior (P < 0.001). For 

patients with HL-PTLD, the use of any chemotherapy was associated with decreased hazard of 

death (HR=0.36, P < 0.001). Furthermore, patients who received no chemotherapy or 

nontraditional HL regimens had increased hazard of death (aHR=2.94, P=0.001 and 2.01, P=0.04) 

versus HL-specific chemotherapy regimens. In multivariable analysis, advanced age and elevated 

creatinine were associated with inferior OS (aHR=1.26/decade P < 0.001 and 1.64/0.1 mg/dL 

increase P=0.02). A prognostic score based on the number of these adverse factors (0, 1, 2) was 

associated with 10-year OS rates of 79%, 53%, and 11%, respectively (P < 0.001). Altogether, 

HL-PTLD patients have inferior survival when compared with HL-SEER. Furthermore, treatment 
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with HL-specific chemotherapy was associated with improved OS, whereas age and creatinine 

identified patients with markedly divergent survival.

Introduction

Post-transplant lymphoproliferative disorder (PTLD) is a heterogeneous group of diseases 

that arise after solid organ transplantation (SOT) [1]. Hodgkin lymphoma PTLD (HL-PTLD) 

is a relatively uncommon disease within the PTLD family [1–6]. The risk of developing HL 

after SOT, however, is significantly elevated when compared with the general population. In 

an analysis of SEER-Medicare, SOT recipients had 2.5 times the odds of developing HL 

versus controls [7], and a meta-analysis of European and Canadian registries estimated an 

incidence rate nearly four times greater than non-SOT recipients [8].

Disease outcomes and prognostication for patients who develop HL-PTLD are not well 

described. Most available data on the treatment of HL-PTLD have been reported in case 

reports and small series [9–22], and thus, there is minimal guidance when evaluating and 

treating this unique patient population. One registry study identified 60 patients with HL-

PTLD in renal transplant recipients, all of whom were diagnosed prior to 2001 [6]. 

Interestingly, there were no deaths ascribed to malignancy, whereas a number of patients 

died due to infectious causes. The latter finding is consistent with reports of increased 

treatment-related mortality in monomorphic PTLD [23–26].

We designed a comprehensive cohort study of HL-PTLD from a large registry of SOT 

recipients to examine patient and disease characteristics, treatment modalities, survival rates, 

and to identify potential predictors of survival. In addition, to better characterize patient and 

disease-related factors as well as to put the HL-PTLD-related survival/outcomes into 

context, we compared patients with HL-PTLD to a matched cohort derived from SEER.

Patients and Methods

Data sources

This study used data from the Scientific Registry of Transplant Recipients (SRTR). The 

SRTR data system includes data on all donor, wait-listed candidates, and transplant 

recipients in the United States, submitted by the members of the Organ Procurement and 

Transplantation Network (OPTN), and has been described elsewhere [27]. The Health 

Resources and Services Administration (HRSA), U.S. Department of Health and Human 

Services provides oversight to the activities of the OPTN and SRTR contractors. As of 1999, 

data on patients are collected by transplant centers at the time of SOT, at 6 months and then 

on the anniversary of the SOT. Data are entered in the online system UNet from 

prepopulated dropdown lists and as free text.

As a comparator group, patients with HL were identified in SEER (HL-SEER) [28], which 

provided demographic and survival information on all patients with cancer in geographic 

regions representative of the general U.S. population. The 2014 release of SEER 18 spans 

from 2000 to 2011, provided with a broad population base for comparison with the SRTR.
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Patient identification

Patients were included in the HL-PTLD cohort if “Hodgkin’s disease” was recorded in the 

standardized diagnosis field or if “Hodgkin lymphoma” was entered in a diagnosis-related 

text field. Patients with HL-PTLD were excluded if they developed a solid tumor, except for 

noninvasive, nonmelanoma skin cancers, either preceding or following the HL-PTLD 

diagnosis. Patients identified only in transplant follow-up worksheets were also excluded as 

these patients did not have PTLD subtypes recorded. Patients with HL-SEER were identified 

using ICD-O-3 codes 9650, 9651–9655, 9661–9662, 9663–9667, and 9659, and those with 

prior malignancies were excluded.

Patient and treatment characteristics

A full description is supplied in the Appendix. Demographic characteristics were determined 

in the SRTR at time of listing for SOT. Performance status (PS), creatinine, and tumor 

characteristics were recorded at the transplant visit closest to the date of diagnosis with HL-

PTLD. Treatment variables were standardized in a dependent fashion by two investigators 

(A. S. R. and A. K. K.); disagreements were reconciled by a third investigator (A. M. E.). 

Published combination chemotherapy regimens commonly used in the treatment of HL were 

considered Hodgkin-specific (Table AI).

Ascertainment of outcomes

The SRTR queries the Social Security Death Index, transplant centers, and organ 

procurement organizations to determine if patients have deceased. Patients were considered 

alive until the end of the study period (October 31, 2011) unless a date of death was entered. 

To account for this “presumed alive” approach when comparing outcomes in HL-PTLD and 

HL-SEER, a similar approach was used in SEER. The cause of death was based on death 

certificate data in SEER and ascertained by transplant centers in SRTR.

Matching

To compare outcomes between patient cohorts with HL-PTLD and HL-SEER, a matched 

cohort was compiled using exact matching on age rounded to the nearest whole year, sex, 

and year of diagnosis. Matching on race and extranodal status resulted in too many patients 

being excluded from the matched cohort. Therefore, these variables were excluded from the 

matching procedure, but accounted for in all multivariable models. One-to-many matching 

ratios were allowed to maximize sample size, with a range from 1:1 to 1:18. To account for 

this in the survival analyses, weights were assigned to individual subjects based on matching 

ratios.

Statistical analysis

Overall survival (OS) was estimated using the Kaplan-Meier method and compared using 

the log-rank test. Disease-specific survival (DSS) was estimated by treating deaths not due to 

HL as censored events [29,30]. Cumulative incidence of HL-specific mortality was 

computed treating death due to other causes as a competing risk and compared using the 

methods proposed by Gray [31]. Cox proportional hazards models estimated the association 

between patient and treatment characteristics and OS. Multivariable analysis included 
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performance status and age and any variables with a univariate P-value<0.1. When 

comparing HL-SEER and HL-PTLD, stratified analyses accounting for the matching 

procedure and various matching ratios were performed. All missing data were assumed 

missing-at-random, and variables missing <33% were multiply imputed [32].

A prognostic model based on the variables identified as statistically significant in 

multivariable analysis was then derived. To determine cut points for continuous variables in 

a prognostic model, recursive partitioning trees were used [33]. A Coxproportional hazards 

model including the relevant dichotomized variables was fit, and the β-coefficients rounded 

to the nearest integer to determine a score for each variable. Individual patients were then 

assigned a score based on their baseline characteristics, and OS determined for each score, 

and differences tested using the log-rank test.

Sensitivity analyses

Sensitivity analyses were performed to evaluate analytic assumptions and to assess potential 

biases. Survival analyses excluded patients identified in text fields, using traditional 

censoring rather than “presumed alive” analyses and using complete case rather than 

multiply imputed data. Univariate analysis of creatinine and performance status limited to 

data collected within 30 days of diagnosis was performed. All analyses were performed 

using R version 3.1.1 (see Appendix for R-packages) [34] and RStudio (Boston, MA) [35].

Results

Patients

A total of 192 patients with HL-PTLD were identified in the SRTR (Table I). Time to HL-

PTLD from SOT occurred at a median of 83 months (range, 0.2–239), and a small number 

of patients (n=17, 9%) had a prior PTLD diagnosis. The median age at diagnosis was 51 

years (range, <0.5–78); the majority of patients were male (n=140, 73%) and Caucasian 

(n=156, 81%), which likely represents in part the underlying SOT population. Kidney was 

the most commonly transplant organ (52%) followed by liver (22%) and heart (21%), with 

the remaining patients receiving lung and pancreas transplants. Epstein-Barr virus (EBV) 

exposure, when recorded, was detected in 74% (n=70) of patients; and a relatively large 

proportion of patients with HL-PTLD (n=80, 42%) had extranodal disease at diagnosis. Ann 

Arbor stage and EBV status were missing in 134 (70%) and 98 (51%) of patients, 

respectively. Thus, neither were considered in survival analyses. When compared with 

patients with HL-PTLD, patients with HL-SEER (n=12,819; Table I) were less likely male 

(n=6,955, 54%) or Caucasian (n=8,990, 70%; P=0.001 and P<0.001, respectively), and the 

rate of extranodal disease was significantly (n=332, 3%) lower (P<0.001). After matching, 

179 patients with HL-PTLD and 1,154 patients with HL-SEER were included for survival 

analyses (Table AII).

Treatment of HL-PTLD

Most patients underwent reduction of immunosuppression (RIS; n=130); 22 patients 

underwent RIS without other therapeutic intervention. Rituximab was administered to a 
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minority of patients (n=32), as was radiation therapy (XRT; n=37). No patients received 

rituximab alone (Fig. 1).

Chemotherapy was recorded for 145 patients (Fig. 1). Most patients received an HL-specific 

regimen (n=63, 43%), the remainder CHOP (n=35, 24%), and “other” nontraditional HL 

chemotherapy (n=47, 32%), whereas a small proportion received both HL-specific or CHOP 

and an “other” regimen (n=8, 6%; Fig. A1). The most common HL-specific regimen was 

ABVD or ABVD-like therapy (n=39, n=27%; Table AI). Patients who received CHOP or 

“other” regimens were older (median age, 55 and 45 years, respectively) than those who 

received HL-specific regimens (median age, 40 years; three-way ANOVA, P=0.06). 

Prediagnosis creatinine was modestly increased in patients receiving CHOP or “other” 

regimens (median 1.4 mg/dL) when compared with those who received HL-specific 

regimens (median 1.2 mg/dL; three-way ANOVA, P=0.18; Table AIII).

Survival

The median and 5-year OS for patients with HL-PTLD were 88 months (95% CI=58-not 

reached) and 57% (95% CI=50–66%), respectively. By comparison, in the matched HL-

SEER cohort, median OS rate was not reached and 5-year OS was 78% (95% CI=76–81%; 

log-rank P<0.001; Fig. 2A). This translated into an adjusted hazard ratio (aHR) for death of 

2.26 (1.65–2.09) after accounting for extranodal status and race as well as matching for age, 

sex, and year of diagnosis (Table AIV). Furthermore, DSS was similarly inferior for patients 

with HL-PTLD when compared with HL-SEER controls (5-year DSS 76% [95% CI=69–

83%] vs. 85% [95% CI=83–87%], respectively, P<0.001; Fig. 2B).

As patients with HL-PTLD may be more likely to die of other causes than patients without 

prior SOT, disease-specific mortality may be overestimated in the HL-PTLD cohort, 

resulting in underestimation of DSS when compared with HL-SEER. To account for this, 

cumulative incidence curves of HL-specific mortality, treating other causes of death as a 

competing risk, were calculated. Patients with HL-PTLD had a 5-year HL-specific mortality 

rate of 23%, which compared with 13% for patients with HL-SEER (P<0.001). Furthermore, 

mortality due to other causes was also increased (5-year cumulative incidences of 20% vs. 

6%, respectively, P<0.001; Fig. A2).

In univariate analyses for factors prognostic of survival, age at diagnosis, receipt of a heart 

transplant, and elevated serum creatinine were associated with shorter survival. In the 

multivariable model, which included these variables and performance status, only age and 

creatinine remained significant with aHRs of 1.26/decade (95% CI=1.11–1.42) and 1.64/0.1 

mg/dL increase in creatinine (95% CI=1.12–2.39; Table II). In a multivariable model of 

DSS, both advanced age and increased serum creatinine were similarly associated with 

worse outcomes: aHR 1.29/decade (95% CI=1.08–1.53) and 1.54/0.1 mg/dL increase in 

creatinine (95% CI=1.09–2.16). To determine if the effect of creatinine on survival differed 

in patients with kidney transplant versus other transplanted organs, the interaction between 

kidney transplant and serum creatinine was tested and found to be statistically significant 

(P=0.04). The aHR for serum creatinine among renal transplant recipients was 2.83 when 

compared with 1.61 for other SOT types (Table AV). However, in a multivariable model 

including age, creatinine, performance status, and kidney transplant, and the interaction 
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term, neither kidney transplant nor the interaction term retained statistical significance 

(Table AVI).

The use of chemotherapy was associated with a significant decrease in the hazard of death 

(HR=0.36 [95% CI=0.23–0.57]). The type of chemotherapeutic regimen was also associated 

with survival; median OS of patients who received an HL-specific regimen was not reached 

when compared with 15, 93, and 88 months for patients who had received no chemotherapy, 

CHOP, and nontraditional chemotherapeutic regimens, respectively (P<0.001). The DSS for 

patients receiving HL-specific regimens was superior to those who received CHOP, 

nontraditional, and no chemotherapy (5-year DSS 91%, 68%, 72%, and 53%, respectively, 

P<0.001; Fig. 2D). Taking into account competing risks, the 5-year cumulative incidence of 

HL-related mortality was only 8% in patients receiving HL-specific regimens when 

compared with 20, 28, and 41% in those receiving CHOP, nontraditional, and no 

chemotherapy, respectively (P<0.001; Fig. A3A). Interestingly, the cumulative incidence of 

mortality due to other causes was not different in the four treatment groups (P=0.33; Fig. 

A3B).

When accounting for differences in baseline characteristics, OS for patients who received 

CHOP was no longer statistically significantly inferior to HL-specific regimens (aHR=1.62, 

95% CI=0.78–3.37), whereas OS for patients who received nontraditional regimens or no 

chemotherapy remained significantly inferior (aHR [95% CI]=2.01 [1.04–2.89] and 2.94 

[1.56–5.55], respectively). By comparison, the use of HL-specific regimens was associated 

with superior DSS when compared with CHOP, nontraditional chemotherapy regimens, and 

no chemotherapy in the multivariable models (Table AVII). Mortality was not affected by the 

use of radiation therapy, reduced immunosuppression, or by rituximab (data not shown).

Prognostic score

To create a prognostic score for survival, the two baseline characteristics found to be 

significant in the multivariable model (i.e., age at diagnosis and serum creatinine) were 

dichotomized at 55 years and 1.20, respectively. A Cox proportional hazards model was run 

(Table AVIII) on the multiply imputed data set, and the β-coefficients rounded to the nearest 

integer to give a point value: both age ≥55 and creatinine ≥1.20 gave 1 point. Patients were 

then assigned a total score based on age and creatinine at diagnosis. Outcomes were 

significantly different in the three groups with 10-year OS rates of 79% (95% CI=62–100%) 

in the low-risk group, versus 53% (41–68%) in the intermediate, and 11% (2–51%) in the 

high-risk group (P<0.001; Fig. 2E). The prognostic score performed similarly regarding 

DSS, with 10-year DSS rates of 91% (81–100%), 77% (68–88%), and 42% (27–65%) in the 

three groups, respectively (log-rank P<0.001).

Sensitivity analysis

Several sensitivity analyses were performed to assess for potential biases, various 

assumptions, and analytic techniques that may have introduced into the study. None of these 

analyses yielded results that differed substantively when compared with the main analyses 

presented above (Tables AIX–AXII).
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Discussion

To the best of our knowledge, this is the largest study of HL-PTLD reported to date. We 

identified that demographics of patients who develop HL-PTLD differ significantly from 

those who develop HL in the general population; patients with HL-PTLD tend to be older, 

more likely male and Caucasian and have extranodal disease. When these and other 

characteristics were controlled, both OS and DSS of HL-PTLD were shorter versus patients 

with HL-SEER. Indeed, although HL-PTLD is curable, with a significant proportion of 

patients achieving long-term survival, in older patients and those with elevated creatinine, 

survival times are limited. Dramatic differences in survival were noted between younger 

patients with normal creatinine when compared with those with a creatinine ≥1.2, age ≥55 

years, or both, and patients receiving Hodgkin-specific chemotherapy regimens had 

significantly improved survival.

HL-PTLD is an uncommon disease, accounting for approximately 3–8% of PTLD cases in 

various single-institution series and registries [2–6,36,37]. However, when compared with 

the general population, there is an increased incidence of HL occurring after SOT, with a 

meta-analysis of epidemiologic studies reporting a standardized incidence ratio of 3.89 (95% 

CI=2.42–6.26) [8], and an analysis of SEER-Medicare reported an odds ratio of 2.53 (95% 

CI=1.01–6.35) [7]. Little is known about the survival of HL-PTLD; however, in one analysis 

of the US Renal Data Service, 60 patients with HL-PTLD were identified and 16 (27%) 

died, although none died of HL.

Data on the treatment of HL-PTLD is even more scant and has been primarily restricted to 

case reports and case series totaling 39 patients [10–21,38]. Chemotherapy has been 

commonly administered, although follow-up varied greatly across reports. Toxicity has been 

infrequently reported, although three patients reported in the earliest series suffered 

infectious complications after receiving ABVP, ABVD, and COPP/ABV [10,11,38], as did 

two additional patients treated on pediatric HL protocols [18], leading to concerns of the 

tolerability of standard Hodgkin-specific treatment regimens in the post-SOT population [9]. 

Survival was not routinely reported, but ranged from 2 to 123 months.

In the current analysis, the use of combination chemotherapy, and particularly those 

regimens designed to treat HL, was associated with significant improvements in OS and 

DSS. Interestingly, the use of HL-specific chemotherapy regimens was associated with 

decreased HL-specific mortality, whereas the rates of death due to other causes were no 

different than for patients receiving no chemotherapy, nontraditional chemotherapy, or 

CHOP. This suggests that toxicity is not different among various treatment strategies. 

Importantly, as with HL in the general population, DSS curves reach a plateau around 5 

years, indicating that a large proportion of these patients are cured with appropriate therapy.

A strength of this observational study of registry data is the robust sample that is likely 

representative, and thus generalizable, to the population of patients with HL-PTLD. 

However, several limitations should be acknowledged. This registry does not specifically 

collect data regarding the timing of treatment, relapse, or changes in therapy. Data on stage 

and tumor EBV status are frequently missing, whereas other data, such as tumor bulk, serum 
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lactate dehydrogenase, and erythrocyte sedimentation rate are not collected. Comparisons 

with HL-SEER are made more difficult as stage could not be accounted for; however, the 

matching algorithm allowed us to keep all patients who had a match, thus the HL-SEER 

patient population is very general, and likely includes patients with a variety of stages for 

each match. This is unlikely to systematically bias the survival estimates toward or away 

from the null hypothesis. Moreover, easily obtainable clinical data at the time of diagnosis, 

namely, age and serum creatinine, were highly correlated with survival. It was surprising to 

find that Karnofsky performance status was not associated with outcomes; however, very 

few patients had poor performance status, and thus, this finding is somewhat limited. 

Although data on serum creatinine were missing in one-third of the patients, multiple 

imputations allowed for patients with missing data to be retained in multivariable models, 

and the association between elevated creatinine and shortened survival was stable across 

multiple sensitivity analyses.

Treatment data have been lacking in this disorder, and the current study offers the first 

detailed evaluation of treatment patterns and outcomes in a large number of HL-PTLD 

patients. Treatment data are collected during yearly follow-ups with patients with SOT, and 

thus, the timing of serial treatments cannot be accounted for; however, it appeared that 

patients who received HL-specific combination chemotherapy had improved survival times.

In conclusion, HL-PTLD is a serious complication of SOT that is associated with a higher 

mortality rate than HL in the non-SOT population. In particular, older patients with elevated 

creatinine are at the highest risk of death. Treatment with HL-specific regimens appears to 

be the most effective, although CHOP, as in other forms of monomorphic PTLD, may also 

be considered. Continued biologic and clinical examination of this interesting and 

uncommon subtype of PTLD is needed to potentially improve outcomes for these patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Treatment of HL-PTLD Venn diagram. Treatment was recorded in 173 patients with HL-

PTLD. Chemotherapy was used in 145 (84%) patients, a majority of patients (103, 60%) 

also underwent reduction in immunosuppression. Radiation therapy was used in the minority 

of patients (37, 22%), and only four patients received radiation without chemotherapy. 

Immunosuppression was reduced in 130 (76%) patients, and in 22 (13%) patients, this was 

the only recorded therapeutic intervention. Abbreviations: RIS, reduction of 

immunosuppression; XRT, radiation therapy. [Color figure can be viewed in the online issue, 

which is available at wileyonlinelibrary.com.]
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Figure 2. 
Overall and disease-specific survival of patients with HL-PTLD and HL-SEER and of 

patients with HL-PTLD according to chemotherapy received and by prognostic score. In the 

cohorts of HL-PTLD and HL-SEER matched on age at diagnosis, sex, and year of diagnosis, 

(A) overall survival of HL-PTLD is significantly decreased when compared with HL-SEER, 

with 5-year estimates of 57% and 78%, respectively (P<0.001). In the same cohorts, (B) 

disease-specific survival is similarly inferior in HL-PTLD when compared with HL-SEER: 

5-year estimates are 76% and 86%, respectively (P<0.001). Patients with HL-PTLD who 

were treated with chemotherapy survived significantly longer than those who did not, and 
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the chemotherapeutic regimen used affected overall survival (C) and disease-specific 

survival (D). When the prognostic score (one point each for age ≥55 years and serum 

creatinine ≥1.2) was applied to patients with HL-PTLD (E), those with a score of 0 lived 

significantly longer than those with a score of 1 or 2. The hazards of death in those with a 

score of 1 or 2 when compared with a score of 0 are 3.1 (1.2–7.9) and 8.7 (3.4–22.6), 

respectively. Abbreviations: CHOP, cyclophosphamide, doxorubicin, vincristine, prednisone; 

DSS, disease-specific survival; HL-PTLD, Hodgkin lymphoma post-transplant 

lymphoproliferative disorder; HL-SEER, Hodgkin lymphoma controls derived from SEER; 

HL-specific: chemotherapy regimen specifically targeting Hodgkin lymphoma; OS, overall 

survival. [Color figure can be viewed in the online issue, which is available at 

wileyonlinelibrary.com.]
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TABLE I.

Patient Characteristics

Variable HL-PTLD (n=192) HL-SEER (2000–2011)
a
 (n=12,819)

Male 140 (73%) 6,955 (54%)

Age in years (range) 51 (0–78) 36 (2–96)

Race

 Caucasian (non-Hispanic white) 156 (81%) 8,990 (70%)

 African American 15 (8%) 1,495 (12%)

 Hispanic 17 (9%) 1,833 (14%)

 American Indian/Alaskan 1 (1%) 33 (<1%)

 Asian 3 (2%) 353 (3%)

 Other/unknown - 115 (1%)

SOT type

 Heart 40 (21%) NA

 Kidney 100 (52%) NA

 Liver 42 (22%) NA

 Lung 8 (4%) NA

 Pancreas 2 (1%) NA

Prior PTLD 17 (9%) NA

Prior post-SOT skin cancer
b 11 (6%) NA

Months from SOT to PTLD (range) 83 (0.2–239) NA

Stage

 I 6 (3%) 2,250 (18%)

 II 16 (8%) 5,127 (40%)

 III 19 (10%) 2,500 (20%)

 IV 17 (9%) 2,184 (17%)

 Unknown/missing 134 (70%) 758 (6%)

Nodal 120 (63%) 12,487 (97%)

 Unknown/missing 31 (16%)

Extranodal 80 (42%) 332 (3%)

HBV at SOT 2 (1%) NA

 NA 24 (13%) NA

HCV at SOT 13 (7%) NA

 NA 51 (27%) NA

Creatinine (median, range) 1.3 (0.2–5.5) NA

 NA 60 (31%) NA

Karnofsky performance status

 80–100 106 (55%) NA

 60–70 11 (6%) NA

 10–50 5 (3%) NA

 NA 70 (36%) NA

All continuous variables are expressed as medians with interquartile ranges.
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a
Only includes patients with age recorded, no prior malignancies, and had survival time recorded.

b
Noninvasive, nonmelanoma.

Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus; HL-PTLD, Hodgkin lymphoma post-transplant lymphoproliferative disorder; HL-
SEER, Hodgkin lymphoma controls derived from SEER; NA, not available; SOT, solid organ transplant.

Am J Hematol. Author manuscript; available in PMC 2019 June 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Rosenberg et al. Page 16

TA
B

L
E

 II
.

Pa
tie

nt
 C

ha
ra

ct
er

is
tic

s 
an

d 
A

ss
oc

ia
tio

n 
w

ith
 O

ve
ra

ll 
Su

rv
iv

al
.

V
ar

ia
bl

e

P
oo

le
d 

ov
er

 m
ul

ti
pl

y 
im

pu
te

d 
da

ta
a

C
om

pl
et

e 
ca

se

U
ni

va
ri

at
e

M
ul

ti
va

ri
ab

le
U

ni
va

ri
at

e
M

ul
ti

va
ri

ab
le

H
R

 (
95

%
 C

I)
P

aH
R

 (
95

%
 C

I)
P

H
R

 (
95

%
 C

I)
P

-v
al

ue
aH

R
 (

95
%

 C
I)

P

M
al

e
1.

08
 (

0.
66

–1
.7

5)
0.

76
1.

08
 (

0.
66

–1
.7

5)
0.

76

A
ge

 (
in

 d
ec

ad
es

)
1.

30
 (

1.
15

–1
.4

5)
<

0.
00

1
1.

26
 (

1.
11

–1
.4

2)
0.

00
0

1.
30

 (
1.

15
–1

.4
5)

<
0.

00
1

1.
31

 (
1.

07
–1

.6
1)

0.
01

R
ac

e
R

2 =
0.

01
4

P=
0.

62
R

2 =
0.

01
4

P=
0.

62

 
C

au
ca

si
an

1
R

ef
er

en
ce

1
R

ef
er

en
ce

 
A

fr
ic

an
 A

m
er

ic
an

0.
77

 (
0.

45
–1

.3
1)

0.
33

0.
77

 (
0.

45
–1

.3
1)

0.
33

 
H

is
pa

ni
c

1.
29

 (
0.

78
–2

.1
4)

0.
32

1.
29

 (
0.

78
–2

.1
4)

0.
32

 
N

at
iv

e 
A

m
er

ic
an

/A
la

sk
an

1.
98

 (
0.

27
–1

4.
23

)
0.

50
1.

98
 (

0.
27

–1
4.

23
)

0.
50

 
A

si
an

0.
81

 (
0.

26
–2

.5
7)

0.
73

0.
81

 (
0.

26
–2

.5
7)

0.
73

C
ar

di
ac

 a
llo

gr
af

t v
er

su
s 

al
l o

th
er

s
1.

63
 (

1.
02

–2
.6

1)
0.

04
1.

42
 (

0.
81

–0
.4

8)
0.

21
1.

63
 (

1.
02

–2
.6

1)
0.

04
N

A
b

Pr
io

r 
PT

L
D

1.
11

 (
0.

56
–2

.2
2)

0.
77

1.
11

 (
0.

56
–2

.2
2)

0.
77

Y
ea

rs
 to

 P
T

L
D

1.
04

 (
0.

99
–1

.0
9)

0.
12

1.
04

 (
0.

99
–1

.0
9)

0.
12

N
od

al
0.

85
 (

0.
50

–1
.4

5)
0.

56
0.

85
 (

0.
50

–1
.4

5)
0.

56

E
xt

ra
no

da
l

1.
05

 (
0.

69
–1

.6
1)

0.
82

1.
05

 (
0.

69
–1

.6
1)

0.
82

H
B

V
 a

t S
O

T
a

1.
10

 (
0.

32
–3

.7
4)

0.
87

1.
43

 (
0.

20
–1

0.
3)

0.
73

H
C

V
 a

t S
O

T
a

1.
20

 (
0.

61
–2

.3
9)

0.
58

1.
26

 (
0.

50
–3

.1
6)

0.
63

C
re

at
in

in
e 

(p
er

 0
.1

 m
g/

dL
 c

ha
ng

e)
a

1.
81

 (
1.

30
–2

.5
1)

0.
00

2
1.

64
 (

1.
12

–2
.3

9)
0.

02
1.

88
 (

1.
45

–2
.4

5)
<

0.
00

1
1.

54
 (

1.
06

–2
.2

2)
0.

02

Po
or

 K
PS

 (
10

–7
0)

a
1.

48
 (

0.
77

–2
.8

4)
0.

23
1.

19
 (

0.
68

–2
.0

9)
0.

54
2.

06
 (

1.
0–

4.
24

)
0.

05
1.

93
 (

0.
72

–5
.2

0)
0.

19

Y
ea

r 
of

 d
ia

gn
os

is
1.

00
 (

0.
93

–1
.0

7)
0.

90
1.

00
 (

0.
93

–1
.0

7)
0.

90

M
ul

tip
le

 im
pu

ta
tio

ns
 w

er
e 

pe
rf

or
m

ed
 u

si
ng

 3
50

 it
er

at
io

ns
 o

n 
fi

ve
 d

at
a 

se
ts

.

a M
is

si
ng

 d
at

a 
m

ul
tip

ly
 im

pu
te

d 
fo

r 
H

B
V

, H
C

V
, c

re
at

in
in

e,
 a

nd
 p

er
fo

rm
an

ce
 s

ta
tu

s.

b 36
/4

0 
pa

tie
nt

s 
w

ith
 c

ar
di

ac
 a

llo
gr

af
ts

 w
er

e 
m

is
si

ng
 s

er
um

 c
re

at
in

in
e.

A
bb

re
vi

at
io

ns
: H

B
V

, h
ep

at
iti

s 
B

 v
ir

us
; H

C
V

, h
ep

at
iti

s 
C

 v
ir

us
; K

PS
, K

ar
no

fs
ky

 p
er

fo
rm

an
ce

 s
ta

tu
s;

 P
T

L
D

, p
os

t-
tr

an
sp

la
nt

 ly
m

ph
op

ro
lif

er
at

iv
e 

di
so

rd
er

.

Am J Hematol. Author manuscript; available in PMC 2019 June 20.


	Abstract
	Introduction
	Patients and Methods
	Data sources
	Patient identification
	Patient and treatment characteristics
	Ascertainment of outcomes
	Matching
	Statistical analysis
	Sensitivity analyses

	Results
	Patients
	Treatment of HL-PTLD
	Survival
	Prognostic score
	Sensitivity analysis

	Discussion
	References
	Figure 1.
	Figure 2.
	TABLE I.
	TABLE II.



